Portal vein invasion (PVI) and extrahepatic spread (ES) are two tumor-related factors that define advanced stage in the Barcelona Clinic Liver Cancer (BCLC) staging system (BCLC stage C), and the recommended first line therapy in this stage is sorafenib. However, the extent of PVI and the type of ES may affect patient prognosis as well as treatment outcome. This study analyzed survival of BCLC stage C HCC patients in order to see whether subclassification of BCLC stage C is necessary. A total of 582 treatment naïve, BCLC stage C HCC patients [age: 54.3 ± 10.8 years, males = 494 (84.9%), hepatitis B virus (458, 78.7%)], defined by PVI and/or ES, were analyzed. Extent of PVI was divided into none, type I-segmental/sectoral branches, type II-left and/or right portal vein, and type III-main portal vein trunk. Type of ES was divided into nodal and distant metastasis. The extent of PVI and type of ES were independent factors for survival. When patients were sub-classified according to the extent of PVI and type of ES, the median survival was significantly different [11.7 months, 5.7 months, 4.9 months and 2.3 months for C1 (PVI-O/I without distant ES), C2 (PVI-II/III without distant ES), C3 (PVI-0/I with distant ES), and C4 (PVI-II/III with distant ES), respectively, P = 0.01]. Patients' survival was different according to the treatment modality in each sub-stage. Sub-classification of BCLC stage C according to the extent of PVI and type of ES resulted in a better prediction of survival. Also, different outcome was observed by treatment modalities in each sub-stage. Sub-classification of BCLC stage C is required to minimize heterogeneity within the same tumor stage, that will help better predict survival and to select optimal treatment strategies.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related mortality worldwide [1] . Many factors are associated with survival of patients with HCC, and selection of optimal treatment strategy can improve patient survival [2] . The choice of treatment modality should consider the size and number of the tumor, tumor location, anatomical considerations, and liver functions [2] . Tumor staging is intended to help estimate patients prognosis and guide decision making for treatment [3] . There are several staging system proposed for HCC, but the Barcelona Clinic Liver Cancer (BCLC) staging system is unique among the other staging systems used for HCC that each stage simultaneously links treatment strategy [3] .
The advanced stage, BCLC stage C, is defined for the group of patients with adverse predictors, which includes patients with cancer-related symptoms, portal vein invasion (PVI), extrahepatic spread (ES), or a combination of these factors, in patients with preserved liver function, defined by Child-Pugh Class A or B [3] . Of those, PVI and ES are two tumor-related factors that define advanced stage. However, PVI can involve only segmental or sectoral branch, or may extend to left or right main portal vein, or to main trunk and beyond. These different types of PVI cannot be considered to have same disease course [4] . Also, ES can be divided into nodal and distant metastasis, and the American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC) tumor-node-metastasis (TNM) staging system separately assesses nodal and distant metastasis [5] .
Sorafenib is the only proven, current standard treatment for BCLC stage C [3] . However, a wide range of treatment modalities, including resection [6, 7] , transarterial chemoembolization (TACE) [8] , radiation, hepatic arterial infusion chemotherapy [9] , radioembolization [10] , systemic cytotoxic chemotherapy [11] , TACE plus radiation [12] , TACE plus sorafenib [13] , sorafenib plus radiation [14] , and liver transplantation after the combined use of locoregional therapy [15] , are still being employed in the real world on an empirical basis. Furthermore, the reported median survival of patients with advanced HCC after resection (27.8 months) [6] , drug-eluting bead TACE (13.5 months) [8] , or radioembolization (13.0 months) [16] , was longer than the median survival of patients with advanced HCC after sorafenib therapy in Sorafenib HCC Assessment Randomized Protocol Trial (SHARP) (10.7 months) [17] , and in the Asia-Pacific Study (6.5 months) [18] . In our previous study, patients with locally advanced HCC without distant metastasis who were treated with TACE plus radiation showed longer overall survival than patients who were treated with sorafenib [12] . In the study by Choi et al., TACE plus sorafenib was superior to sorafenib alone in patients with advanced HCC [13] . These findings indicate that advanced stage (BCLC stage C) includes a heterogeneous population that optimal treatment modality may not be sorafenib monotherapy for some patients.
Under these circumstances, sub-classification of the BCLC stage C may be necessary in order to better predict the patient outcome as well as to better guide optimal treatment modality. Therefore, this study was performed to analyze the survival of BCLC stage C HCC patients, sub-classify them according to tumor characteristics that determine survival, and finally compare the efficacy of different treatment options in each sub-stage.
Methods

Data source
The HCC registry of Samsung Medical Center, Seoul, South Korea, between January 2007 and December 2011 was reviewed. The HCC registry of Samsung Medical Center is a prospective registry that records clinical characteristics, tumor characteristics, as well as treatment information of every HCC patient diagnosed at Samsung Medical Center since January 2005. HCC was diagnosed by either histological or clinical evaluation based on the typical imaging findings and elevated serum alpha-fetoprotein levels [19] . After the patient was diagnosed with HCC, well-trained abstractors collected the patient's data including age at diagnosis, gender, date of diagnosis, etiology, liver function (e.g., Child-Pugh class), tumor characteristics (e.g., number of tumors, maximal tumor size, presence and extent of PVI, and type of ES), tumor stage (both AJCC/UICC and BCLC stage), and initial treatment modality, in a prospective manner. During the study period, a total of 582 patients were classified into BCLC stage C because of PVI or ES. The study was reviewed and approved by the Institutional Review Board of Samsung Medical Center (IRB No: 2013-12-030). Because the study is based on the retrospective analysis of existing administrative and clinical data, the requirement of obtaining informed patient consent was waived by the Institutional Review Board of Samsung Medical Center. Patient records/information was anonymized and de-identified prior to analysis.
Classification of PVI and ES, treatment and patient survival
For this study, the extent of PVI was classified as none, type-I (segmental or sectoral PVI), type-II (left and/or right main PVI), and type-III (main trunk invasion or beyond), based on radiological exam. Type of ES was classified as none, nodal, and distant metastasis. Nodal and distant metastasis was defined according to the AJCC 7 th editions [5] . Radiologically, nodal metastasis was defined positive if the lymph node short axis is 20 mm, according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) criteria [20] . Initial treatment modality was chosen by respective doctor. For this study, treatment was grouped into best supportive care, sorafenib and other modalities. Sorafenib was started using 400 mg of sorafenib twice daily, with dose modification according to toxicity as needed. Other modalities were composed of resection, transplantation, chemoembolization, systemic chemotherapy, radiation and experimental therapy (e.g. Brivanib). Surgical procedures were performed by experienced surgeons using standard surgical techniques for hepatectomy or transplantation. Chemoembolization was done using mixture of doxorubicin hydrochloride (Adriamycin; Dong-A Pharm, Seoul, Korea) and iodized oil (Lipiodol; Guerbet, Aulnay-sousBois, France). The doses of adriamycin and lipiodol were dependent on the tumor size and vascularity, with a maximum of 70 mg of adriamycin and 25 ml of lipiodol per session. Additional particulate embolization with 1-to 2-mm-diameter gelatin sponge pledgets (Cutanplast; MasciaBrunelli, Milan, Italy) was done when insufficient blockage of the tumor feeding arteries was evident.
Patient survival data was collected from the National Statistics Service, hence, all death at the time of survival assessment could be certified. All of the patients were followed up till death or July 31, 2013.
Statistical analysis
Statistical analysis was performed using the chi-square test to compare discrete variables and the t-test for continuous variables. The survival rate was calculated and plotted using the Kaplan-Meier method. Differences in the incidence rate between the groups were analyzed using a log-rank test. To identify the factors associated with survival, multivariable analysis was performed using the Cox proportional hazard model for variables with P values of <0.05 on the univariable analysis. A P value of less than 0.05 was considered to be significant.
Results
Clinical characteristics and survival
The baseline characteristics of patients are shown in Table 1 . The reason for BCLC stage C was the presence of PVI in 354 patients, the presence of ES in 106 patients, and a combination of these two factors in 122 patients. The median survival of patients in BCLC stage C was 6.4 months, and the range of survival was very wide (0 to 79 months). The survival rate was 51%, 33% and 13% at 6 months, 1 year and 3 years, respectively.
Prognosis based on the extent of PVI
There was a significant survival difference based on the extent of PVI (Fig 1) . Patients with type-I PVI had the best median survival of 9 months. The median survival of patients with type-II PVI [5.5 months; unadjusted hazard ratio (HR) (95% confidence interval (CI)): 1.47 (1.10-1.96), P = 0.01] and type-III PVI [4.6 months; unadjusted HR (95% CI): 1.73 (1.40-2.15), P < 0.01] was significantly worse than that of patients with type-I PVI. The survival of patients without PVI, but with ES [6.8 months; unadjusted HR (95% CI): 1.17 (0.91-1.51), P = 0.19] was not significantly different from the survival of patients with type-I PVI.
Prognosis based on the type of ES
Survival differed according to the type of ES (Fig 2) . The median survival of patients with PVI but without ES was 7.7 months, which was not different from the median survival of patients 
Prognosis based on the extent of PVI and the type of ES
Child-Pugh Class, tumor size, extent of PVI and type of ES, AFP level were independent factors associated with survival (Table 2 ). Based on these two independent tumor related factors that define BCLC stage C, we sub-classified patients into sub-stages C1~C4 (Table 3) . Substage C1 includes the patients with PVI limited to the segmental or sectoral branch and ES limited to the nodal area. Sub-stage C2 includes the patients with PVI that extends beyond the right and/or left main branch without distant metastasis, and sub-stage C3 includes the patients with distant metastasis but PVI limited to the segmental or sectoral branch. Substage C4 includes the patients with PVI that extends beyond the right and/or left main branch with distant metastasis. Based on the liver function (Child-Pugh class), each sub-stage was further classified into Cxa or Cxb, which indicates the Cx stage with Child-Pugh class A or Child-Pugh class B, respectively. Patient survival was significantly different according to sub-stages within the BCLC stage C (Fig 3) . The median survival of patients in sub-stage C1 (11.7 months) was significantly longer than the median survival of patients in sub-stage C2 [ 
Treatment modalities and survival
Treatment modalities that were used in the patients are shown in Table 4 . Sorafenib was used as the first line treatment in 7% of patients. Most of the patients (78%) were treated with other modalities, mainly TACE. When compared to patients treated with sorafenib, the median survival was significantly worse for patients managed by best supportive care, and the median survival was significantly better for patients treated with other modalities (Table 4) .
Patient survival according to the treatment modalities used in each BCLC sub-stage, with sorafenib as the reference, is shown in Table 5 . In sub-stage C1, only three patients received sorafenib treatment as the first-line therapy, hence it could not be used as the reference. Treatment with other modalities in sub-stage C1 showed a relatively good outcome, and the median survival was 14.8 months. In sub-stages C2 and C3, treatment with other modalities resulted in a significantly longer survival than sorafenib. Sorafenib treatment resulted in longer survival compared to the best supportive care, however, the difference did not reach a statistical significance in sub-stages C2 and C3. In sub-stage C4, treatment with sorafenib resulted in longer survival compared to the best supportive care. However, survival was not different between patients treated with sorafenib and patients treated with other modalities. Among 345 patients who received chemoembolization, survival was significantly different according to the substage (median: 12.3, 6.9, 5.6 and 3.6 for C1, C2, C3 and C4, respectively, P < 0.001).
Discussion
In this large prospective cohort of patients with BCLC stage C, patient survival varied widely. In some patients, the survival was dismal (median survival of 1.0 month in sub-stage C4 patients who had the best supportive care), while some patients showed a relatively good survival (median survival of 14.8 months in sub-stage C1 patients who were treated with modalities other than sorafenib). The main objective of staging systems is to categorize the patients into subgroups with significantly different outcomes [1] . In this respect, the wide range of survival in BCLC stage C patients indicates the need for sub-classification. Importantly, this data shows that the extent of PVI should be assessed and staged differently. First, this study observed survival differences based on the extent of PVI. Consistent to this study, previous studies also showed that not just the presence of PVI, but also the extent of PVI is important in determining survival. In the study by Park et al., in which 904 patients with HCC were analyzed, the extent of PVI (none, 1 st and 2 nd branch, and main portal vein) was an independent factor for survival [4] . Shi et al. also reported differences in survival based on the extent of macrovascular invasion patterns [7] . The extent of PVI was associated with survival in the report by Mazzaferro et al., as well [16] . Second, in the past, the spatial resolution of CT scans did not allow the detection of most segmental PVI. However, the refinements in imaging techniques that have been introduced in recent years allowed the detection of segmental PVI, and may induce stage migration in patients with segmental portal vein invasion [21] . Indeed, Bolondi et al. suggested stage B5 (or quasi-C) to define group of patients with undeterminated peripheral PVI who may be considered as an overlap between intermediate and advanced stages [21] . These findings suggest that minor PVI (limited to sectoral/segmental branch) should not be considered to be the same as macrovascular invasion, indicating that sub-classification of BCLC stage C is needed. The type of ES was also an independent factor for survival of BCLC stage C patients. In the AJCC/UICC TNM 7 th staging system, regional lymph node metastasis (N1) and distant metastasis (M1) is classified separately, while the BCLC staging system does not differentiate between these two types of ES. It is very difficult to assess the effect of ES on survival, because most of these patients die of progressive intrahepatic HCC, and not due to extrahepatic metastasis [22] . Nevertheless, several evidences indicate that nodal and distant metastasis should be classified separately, as patients have different survival according to the type of ES [5] . In the study by Hasegawa et al., patients with pathologically proven LN metastasis (any T, N1, M0) had a similar survival to that in patients with advanced T stage (T4, N0, M0), while patients with distant metastasis (any T, any N, M1) had a significantly shorter survival [23] . Therefore, when patients were sub-classified based on these two tumor-related factors (PVI and ES), patients in each sub-stage (C1~C4) showed significantly different outcomes. Significantly different survival based on the extent of PVI and the type of ES indicates that sub-classification of the BCLC stage C will help better predict patient survival.
Staging system should not only assess the prognosis, but it should also help direct therapy. The BCLC staging system is the only staging system used for HCC that has a therapeutic algorithm [3] . The currently recommended treatment for BCLC stage C is sorafenib [3] . However, only 7% of patients were initially treated with sorafenib in this study, due to the late introduction of sorafenib, high costs and strict medical reimbursement policy in Korea, and possibly the physicians' personal preference. Since this is not a prospective comparative study, selection bias as well as un-identified bias associated with poorer survival in patients treated with sorafenib may exist. Therefore, survival based on treatment modality needs careful interpretation as well as prospective validation. Nevertheless, this study provides some evidences that support the need for sub-classification of BCLC stage C.
First, in sub-stage C1 (patients with segmental/sectoral PVI but without distant metastasis), in which sorafenib was rarely used (0.1%), patients treated with modalities other than sorafenib showed a relatively good survival (median 14.8 months). TACE or radioembolization are not contraindicated in Child-Pugh class A patients with minor PVI [21] , and good survival has been reported after TACE [8] , and radioembolization with yttrium 90 [16] , in this setting. Even further, resection can still be considered, and long-term survival has been reported in patients with minor PVI [24] . Therefore, in patients with segmental/sectoral PVI, relatively longterm survival can be expected after treatment other modalities (radioembolization, chemoembolization, resection etc.), and sorafenib may not be a first-line option.
Secondly, a wide range of treatment modalities other than sorafenib are being used for patients with PVI in daily practice in the real-world setting [25] . Furthermore, some selected patients with ES receive a combination of locoregional therapies for both the intrahepatic HCC and symptomatic ES, or a combination of locoregional therapies with sorafenib, and they have a relatively good survival [22, 26] . The present study, based on survival analysis, demonstrated the advantage of other treatment modalities over sorafenib in sub-stages C2 and C3. However, and advantage of other treatment modalities was not observed in sub-stage C4 compared to sorafenib treatment. Although, prospective comparative studies including head to head comparison of sorafenib with other modalities (resection, radioembolization or TACE and/or sorafenib) are needed to validate this finding, this suggests that careful selection of patients for a multidisciplinary treatment approach may result in a change in the prognosis in some BCLC stage C patients toward a relatively favorable long-term survival. There is also a concern that due to the lack of prospective comparative studies, both heterogeneity and role of each therapeutic modality in advanced BCLC stage are incompletely captured and translated into recommendations in the BCLC guidelines [24] . Therefore, in real clinical practice, different treatment algorithms for BCLC stage C are being used in many tertiary centers [27] . By subclassifying advanced HCC patients, comparison between studies can be easier, and may help to guide the clinicians in selecting the most appropriate therapy.
There are some limitations in this study. In this study, when patients were further classified based on Child-Pugh class (A or B), better prognostic information was acquired. We observed a survival difference by further sub-classifying patients according to the liver function (e.g., C1a or C1b). However, due to the relatively small number of patients in each arm, we could not analyze whether this approach will help in deciding further treatment plans. Patients in this study are mostly hepatitis B virus-related HCC, and all Asian. Nodal and distant metastasis was mostly defined radiologically, and not all cases were pathologically proven cases.
In summary, BCLC stage C includes a heterogeneous patient population in terms of tumor burden and liver function, and poses a unique challenge for therapeutic management. Patient survival is significantly different according to the extent of PVI and the type of ES in the same stage. Although there is proven benefit from sorafenib treatment in this setting [17] , various other treatments are used in the real world on an empirical basis, and show a better outcome than sorafenib in selected patients. Therefore, our data suggest that BCLC stage C needs to be sub-classified to better predict the prognosis and to guide most appropriate treatment.
